(W,Ni,Fe) composite oxide powder synthesized by spray drying was reduced at 700
INTRODUCTION
Tungsten-based heavy alloys, which are used as kinetic energy penetrators, counter weights, radiation shields, and electrical contacts due to their high density, strength, and ductility, are two-phase composites produced by liquid phase sintering mixed elemental tungsten, nickel, and iron powders. Typical compositions have 90 wt% tungsten with the balance nickel and iron, usually in the ratio of 7 : 3 [1] .
Nanostructured tungsten-based alloys possess very high properties, which put high demands on the manufacture process for both powders and bulk alloys. High-energy ball milling, which is a well-known process for preparing amorphous alloyed powders, has been considered as a powderful technique due to relative inexpensive equipment [2] . However, it takes tens of hours to fabricate nanosized W-Ni-Fe composite powder for high-energy milling technique [3] , so the milling efficiency is very low. Meanwhile, high-energy milling could bring inclusions. Spray drying process is a useful technique for synthesizing numerous nanostructured materials due to its simplicity and various elements homogeneous dispersibility [4, 5] . Previous studies have discussed preparation and reduction mechanisms of (W,Ni,Fe) composite oxide powder by spray drying [6] [7] [8] . In this paper, effects on the reduced powder properties with Y additions were studied by previous reduced conditions optimized at 700
• C for 90 minutes.
EXPERIMENTAL
The raw materials in this experiment included the (NH 4 Journal of Nanomaterials Special surface areas of the reduced powder were measured by the nitrogen adsorption method. The Fsss sizes of the reduced powder were measured by the Fisher testing method. The phase compositions and crystal sizes of the reduced powder were tested and analyzed with Rigaku D/max2550VB + 18 Kw X-ray diffraction made in Japan. The reduced powders were dispersed by ultrasonic wave for 30 minutes, whose morphology images were observed with the JSM-5600LV type scanning electron microscope (SEM) made by JEOL cop.
RESULTS AND DISCUSSION

Effect of rare earth Y on phase composition
of 90W-7Ni-3Fe composite powder 
Effect of rare earth Y on morphology images of 90W-7Ni-3Fe composite powder
SEM morphology images of the reduced composite powder were listed in Figure 3 . From Figure 3 , the reduced W-Ni-Fe composite powder by rare earth Y additions was more homogeneous dispersibility than that of no Y addition. Meanwhile, with the increase of Y addition, effect of rare earth on dispersibility of the reduced powder enlarged obviously. It was also seen clearly from Figure 3 that, powder particle morphology with rare earth Y addition has changed, the particle morphology was spherical without rare earth Y, but the powder particle morphology was nearly spherical with 0.4 wt% Y and polyhedral with 0.8 wt% Y. The higher the Y additions were, the greater the effect on powder particle morphology was. Because energy state of some crystal interface has changed when some rare earth Y were added, which forced crystal quickly growth up at some directions and inhibited other directions from growthing up. With the increase of rare earth Y, tendency of preferential orientation growthing was more obvious [10, 11] .
CONCLUSION
( (3) Rare earth Y possessed great influence on powder particle morphology. The particle morphology is spherical without rare earth Y, but the particle morphology is nearly spherical by adding 0.4 wt% Y or polyhedron with 0.8 wt% Y addition. The higher rare earth content is, the bigger influencing on particle morphology is.
